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i n t roduc t ion

l’holonics tcdmology offers a multi(udc of applications and major bmcfits in the
dcvclopmcnl of future spaceborne coIllr]l[lIlicatiolls systcnls ]-6 with high
performance and low mass/si7e rcquircmcnts. “1’hcsc applications include not
only signal distril)Lrl ioll/colltlol func[ims, but also optical signal processing,
phased array antennas, sensors, instrumcn[s, and gyros. Pigurc 1 illustrates the
irlscr[ion of photonic technology into spacccraf[<
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Pholonic Technology
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l’hotonic tcchno]ogy  offers (he capability to link all spacccraf[ data, control, and
sensors functions with [k microwave coI]lIll~ll]icalioIls systems w’itllill a common
architcctum. ]Ioth radio frequency (1<1:) ancl digital signals share a si~lgk fiber
optic bLIS thus reducing overall systcm mass, and volume. Op[ical films replace
common wave guide, coaxial lines and shielded wires while iIlcIcasillg radio
frequency intcrfcrencc (l<l;l) immunity, simplifying routing, and enabling higher
dcgrccs of redundancy and/or parallelism.

‘1’hc series of fu(urc NASA missions that appear to benefit most arc Mars
linvimnmcnta] SuIvcy,  l u n a r  O r b i t e r , IJocuscd  Small Missions,  and
Submil]imctcr  Research. Specific tclcco]]l]ll~l]licatiol]s  system designs enable
simul[ancous transmit and rcccivc coIllIllLIIlicatioIls with multiple rovers and
micro-orbiters without expending spacccraf[ rcsourccs  for the pointing body
fixed antcmas. Optical samplinS,7-1~  signal proccssins ancl computing will
simplify colll]]l~lllicatio]ls systems arcllitccturc in future satellite systems. ‘Ixhc
other systems that will benefit include mobile, cable, and fit~cr Optic
communication links.

Although there has been a spur of activity in recent years in the tcchno]ogy
(lC\IClO~JlllCIl[~)~17  of photonic  intcgralcd  circuits (PIC) and optoclcctmnic
integrated circuits (O Iil C), very limited work has addressed the areas of
rc]iability and cost rccluction. ‘1’cchno]ogy maturity, reliability, low cost and
flight demonstration arc imperative in the insertion of photonic technology in the
spacecraft coI13]13L]Ilicatiolls applications. ‘1’able 1 provides an assessment of the
state-of-the-art photmic  tcclmology.

1 able 1. Sta[c-of-[llc.  zr[ ‘1’cclIIIcrlof,y  AsscssrIIcrI[  aIId [’l]allcr)f,cs

Pho[onlc  COmpOncnts

1, LaserlModulaVor  PIC

2. Optical [lecc(vcr  OflC

3. Coherent OPtIc-31 Rcccivcr  OLIC

4. Transceiver OEIC

5  LaserlAn,pI(fwr  PIC

6. F(twr.oplic Carnponents

7. Flbcr.opbc  Anlpllficrb

8. Modulators

9. Multiple xer$’DcMul(lplcxers

10. Op[ical  San$,lertiM(xcrs

11. PhOtOnlc  Swllching  t
Signal Processing PICs

12. PIC 8 OflC Packages
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integrated photonic components [hat hvc bCCII fidirly WC1l dcv~l~p~(i incluclc
laser/Ill(j(llllatoIs, optical rcccivers, lascI/alll]>lificrs,  and fiber-op~ic components.
‘1’hc components requiring further R/Ii include optical saIll]~lcrs/lllixcrs7-1~
applied to collllllt]llicatiolls, photonic  switcllillg, signal proccssillg, ad higher
function 0100, and packages. ‘1’able 2 makes a comparison of Iradcoffs bctwccn
the status of pholonics versus R]; technology. l)rcsmtly,  l<l; has significant
a(ivanlagc  over pholmics  mainly because of its maturity and proven reliability,

Table 2: Microwave and Photonic  Technology lradeoffs

Microwave/[ {F- Technology

c Ma[urc t e c h n o l o g y

●  f{cli a b l e

● Cost cffcctivc for mosl  applications
(Dcsignablc to cos t )

●  1 imitcd b a n d w i d t h

● F{F matching required

● IIF l/EMl shielding is necessary

. 1 owcr port-to-port isolation

● tligher  signal dispersion

● larger size and mass

Phot.onic Technology

G ContinLlcct  fl/D i s  e s s e n t i a l  f O t  s p a c e  a p p l i c a t i o n s

● f ibcr.optic technology well developed, and
highly reliable

● Cost models do not exist

● 1 owcr signal distribution losses

● Much wider bandwidths

● [{[1/[  Ml immunity

● }{ighcr  porf-to-porl  isolation

●  l o w e r  signal  clispcrsion

● Erettcr delay slability

●  Smal ler  in  s ize and mass

● FiccIuccd cost potential

lhee !$pace Optical Co]~~]~][ll~ic:itiol]s: ‘1’he first photonic systcm, and the
cmc at the highest level of readiness to bc considered, is free space optical
colll]llt]]licatiolll 17~4J5 (1 .ascr Co]]lIllllIlicalioIl). l:rcc space optical c(~~lllllt]llicaliolls
tcchno]ogy has been in dcvclopmcnt  since the early 1 960’s. ‘1’hc syslcm offers tllc
potential for cxtrcmc]y  high data rates an(i small, power-efficient space
communication tcrmina]s. ‘1’llis technology is very critical to the suppor[ of many
future Commercial Satellite Applications and NASA rcquircmcnts  for liar[h
Observing and l’lanctary missions.

Several technical challenges remain in this area] l?. l;irst, and most critical, is the
propcr technology dcvclopmcnt for pointing, acquisition, and tracking, Wc also



must develop high power lasers, high bandwidth and high scnsitivi[y rcccivcrs,
ad iIllJll”OVC  COhCICllt dCtCCtiOIl IllC(hOdS.

l’hofonic Ka-band  ‘I’clecol]llllllIl  icatiol]s System: Spacecraft and Satellite
c(J~~lll~[lIlicatioIls SyStCIll S USC Ka-band fJ’CqUCI~CiCs tO I“CdUCC spacecraft antenna
siz,c and mass with incrcascd data rate pcrformancz. ‘[’]Ic cl] I’I”cIl[ systc~~~s arc I~o[
compatible with fiber optic bus architcc[urcs~. such dcsi:>Jl  Concepts have been
cvo]ving with join[ cffor[s at NASA ].cwis Research ~cntcr,  aJId Jet ])ropu]sion
] .almratory.  one such system shown in l:igure 2, is a Ka-band phased array
tclcccJ~]~Ill~lllicatiol]s systcJn consisting of a R1; transponder, a pbotonic transceiver
()];l C, an o p t i c a l  signal (list ribl]tioI~/coI] trol net w o r k ,  and ‘-’ - - - -  = - ~~ -
tlai]slllit/Icccivc (31il(; elements.
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‘1’hc photonic transceiver olil~ consists of dual lasers, and modulators, and pllolo
diode circuits. Several distribution and coIltrol network cc)Ilfig,lllatiolls  have been
identified for specific application rcquircmcn(s. ‘]ICSC  configuratioIls range fI’0111
single stccrablc beam arrays using clcmcnt level optical delay to more comp]cx
mu]tiplc beam architcc[urcs  using optically processed beam forming networks tO
both distribute and provide the l<l; phase gradient optically. }lach architcctLIrc
relics upon conversion from optical to Ka-band for transmitting and from Ka -
band to optical upon rccciving at the aperture level. ‘1’hc photonic Ka-band
telecommunications system has a potential to rcducc volume by a factor of ten



2iIl(i Ill~SS I)Y ~ ~~CIO1 of lhrcc cmmparcd to a n  cquivalcIlt  CleC(rOnic
iIll]JlcIllcll(atioll.

()])tic:il-Sall]])lillg  l)o~~fllcoll}rct-tcl<  f o r  AdvallccfI  M i c r o w a v e
Collll]ltlllicafiolls Applications: lhturc spaceborne CoIll IllllllicatioIls
Iranspondcrs  require versatile high speed sigIlal proccssil~g7-lo aI~cl detection
tcclmiqucs 10 downcmvcr[  and process radio frcq~lc~lcy (l/J:) sigl~als ranging
fmm ]~() Mllz  tO 35 ~;]17.. ‘1’hc number of simultaneous orllit/ollscIvatio I]
Inissiolls arc cxpcctcd 10 incrcasc in the early part of the next ccnlury.  ‘1’lNxc

missions require simultaneous colllIllllllica[i(JIls capability at several (Iiffcrent
frequency bands, ‘1’he usc of optical sampling and detection tcclllliqucs will offer
cxccllcnt widcbaml  pcrformancc,  signal tracking, and rcduccd volume. l:igure 3
shows a block diagram, an optical sampling downcmvcr[cr  OI{lC cmisting of a
wiclcband optical switch, an injection laser diode, a sample-hold circuit, and a fmt
rise Iimc pu]sc generator.
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‘1’hc ol>lical-saIll]JliIlg downconvcr[cr  is capable of (transforming rcccivcd multi-
octave-band micro~~avc signals to in[crmcdiatc  frcqucncics  (ll;) for further
processing. Along with tlltla-~viclcl~a~~(l c~pcration, the downconvcr[cr promises
to provide direct digitization of the 1<1: signal with low conversion loss, high
isolation, and low jitter. Additional cnllanccmcI~ts  promise to simplify the
rcccivcr  architecture by climinalins most of (he analog 112 circuits, includiIIS
filters, IIi amp]ificrs, and mixers. ‘1’his has the potential for low power operation
compared o an equivalent clcctrmic hi~h frequency samp]ing iIll]~lcillcIltatioI1.



JJor example, the clcctmnic  sampler designed for Deep Space Network ground
rcceivcr requires about 30 W to digiti7jc 8 GH7, 1<1: signal. ‘]’hc technique can k
applied to clccp space transponders, lkcp Space Nc(work groL]nd rcccivcrs, relay
s(atiom, space station receivers, sa[cllitc co~lllll~lllicatiolls systems, and microwave
instruments.

Conclusions

“1’hc photonic  technology is a viable and mabling technology for long-term
inscrlion into spacccraf( and satellite cojlllll[lllicatiolls,  signal distribution, phased
array, and sensor applicatiol]s. ‘1’hc technology payoff potentials include high
performance, small si7,c, low mass, and low power. Additional bcncfi[s include
high isolation, low loss/dispcrsim:, wide bandwidth, high efficiency, and robust
design. Optical samp]ing and signal processing of R]: signals ranging from 100
Ml lx. to 40 G] IZ is an enhanced Icchnology alternative to conventional electronic
processing.

l’hotonic technology can become more compctitivc, designab]c,  reliable, and cos(-
cffcctivc by focussing m application oriented research rather than unique cmc-of -
a-kind component development. Systcm hardware dcvclopmcnt  and flight
cxpcrimcnls  arc needed to demonstrate performance advantages of photonic
Icclmo]ogy applied to space cO1lllllllllicatiolls  app]ica[ions.

‘1’hc research described in this paper was carriccl out by the Center for Space
h4icroclcctrcmics  ‘J’cchno]ogy,  ‘1’clccol~lll~~l~licatio~ls  Scicncc a n d  IMginccring
]>ivision,  Jet ]>ropu]sion laboratory, (California lnstitu(c of “1’cchnology, under a
contract with the National Aeronautics and Space Administration.
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